Adipocyte infiltration in pancreatic cancer (PC) has been demonstrated to be independently associated with PC risk and an active contributor to tumor progression. However, to date, little is known about these unique pancreatic tumor-surrounding adipocytes, or their response to cancer cells. The present study utilized an in vitro indirect coculture model in which the phenotypic changes of adipocytes following exposure to PC cells were directly observed. RNA-sequencing was performed on 3T3-L1 adipocytes cultured with or without Panc-1 cancer cells, and significant changes were identified at the transcriptional level. In terms of delipidation and the impaired function of glucose and lipid metabolism, coculture with tumor cells resulted in an altered metabolic phenotype in mature adipocytes. In co-cultured adipocytes, the appearance of fibroblast-like cells was observed, and the mesenchymal cell differentiation pathway was enriched following the integrated analysis into the transcriptome. In addition, reverse transcription-quantitative PCR analyses of co-cultured adipocytes revealed a loss in gene expression of mature adipocyte markers, and a gain in gene expression of fibroblast-specific markers. It was also confirmed that newly generated cancer-associated adipocytes could facilitate the invasive capacities of the tumor, and may contribute to PC stromal remodeling. The present study supports a novel concept that reprogramming of stromal adipocytes orchestrated by PC cells may generate cancer-associated adipocytes with activated phenotypes, which may ultimately drive pancreatic tumor progression.
Introduction
Pancreatic cancer (PC) is the fourth leading cause of cancer-associated mortality worldwide (1) , and the majority of patients succumb within 6 months of the initial diagnosis (2) . Poor prognosis is closely associated with the unsatisfactory results of currently available treatments, which can be largely ascribed to the unique pancreatic tumor microenvironment (TME) (3) . Various stromal components act in concert with tumor cells, allowing a dynamic response to changing environments during tumor development and following exposure to chemotherapeutic drugs (4) . PC cells usually promote a supportive TME by activating a fibro-inflammatory reaction (3) . Conversely, normal host cells can be educated and activated by PC cells to promote tumor progression through the secretion of growth factors and chemokines. The majority of studies have highlighted the involvement of fibroblasts and inflammatory cells (5) (6) (7) (8) . However, to the best of our knowledge, little attention has been paid to the function of mature adipocytes in the pancreatic TME. Normal adipocytes have primarily been recognized as an energy reservoir to store surplus fuel, but now, there is solid evidence to suggest that they are vital endocrine cells with the ability to produce multiple hormones and chemokines involved in inflammatory and immune responses (9) , indicating that stromal adipocytes may be excellent candidates to impact pancreatic tumor behavior and the TME.
Tumor-surrounding host cells can be educated to undergo morphological, functional and epigenetic changes and form unique tumor-associated cell types (10, 11) . Both in vitro and in vivo studies in breast cancer have confirmed the identity of distinct cancer-associated adipocytes, which are characterized by decreased lipid droplets and a fibroblast-like shape (12) (13) (14) . In metastatic ovarian cancer, omental adipocytes at the invasive front can also undergo a lipolytic process (15) . Furthermore, it has been demonstrated that cancer-associated adipocytes acquire the ability to produce numerous proinflammatory factors (12, 15, 16) . However, little is known about the potentially altered phenotypes of PC-surrounding adipocytes. It is noteworthy that intrapancreatic fatty infiltration (pancreatic steatosis) has been demonstrated to be independently associated with the increased risk of PC precursor lesions and pancreatic carcinoma from clinical investigations (17, 18) . In addition, various studies have confirmed that cancer-associated adipocytes are positively involved in PC progression (19) (20) (21) (22) . Therefore, in order to further reveal the mechanisms of adipocytes in PC progression, research focusing on pancreatic cancer-associated adipocytes is required. The present study demonstrated that pancreatic cancer-associated adipocytes exhibit profound phenotypic alterations in human cancer and in vitro. The transcriptome profiling of these modified adipocytes is also outlined, which provides the basic information required for further studies.
Materials and methods
Pathological examination of adipocytes in PC specimens. The human tissue samples used in the present study were obtained from consecutive archival paraffin blocks of patients who were diagnosed with pancreatic ductal adenocarcinoma and underwent surgery in Huadong Hospital (Shanghai, China) between November 2018 and January 2019. The demographic and pathological features of the patients are listed in Table I . Written informed consent for the use of tissues in scientific research was obtained from all patients. The collection of the pathological data from patients with PC was approved by the Institutional Research Ethics Committee of Huadong Hospital, Fudan University (approval no. 2018K098). Immunohistochemical staining of paraffin-embedded tissues with rabbit anti-FABP4 polyclonal antibody (pAb; cat. no. 12802-1-AP; ProteinTech Group, Inc.) was performed in order to observe the characteristics of the adipocytes. For each slide, representative images of adipocytes surrounding the normal tissue and adipocytes in the vicinity of the PC cells were obtained. Adipocyte cell sizes were assessed using ImageJ software (National Institutes of Health) (23) .
Cell culture and coculture. The human PC cell lines Panc-1 and Mia PaCa2 were purchased from the Cell Bank of the Type Culture Collection of Chinese Academy of Sciences and cultured according to standard protocols. In brief, Panc-1 cells were maintained in Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.), containing 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. Mia PaCa2 cells were cultured in DMEM, supplemented with 10% FBS and 2.5% horse serum. Murine 3T3-L1 preadipocytes were purchased from the American Type Culture Collection and cultured in DMEM supplemented with 10% newborn calf serum. All cells were cultured at 37˚C (5% CO 2 ) in a humidified incubator. Two days after reaching 100% confluence (designated as Day 0), the 3T3-L1 preadipocytes were then induced to differentiate in DMEM containing 10% FBS, 0.5 mM 3-isobutyl-1-methylxanthine (M), 1 µM dexamethasone (D) and 1 µg/ml insulin (I). After 48 h (Day 2), these cells were sustained in DMEM supplemented with 10% FBS and 1 µg/ml insulin for another 2 days. Next, 3T3-L1 mature adipocytes were cultured in DMEM supplemented with 10% FBS. After induction (at Day 8), mature adipocytes were cocultured with PC cells using a Transwell indirect coculture system (0.4 µm pore size; Corning), and mature adipocytes cultured alone at the same time-points were used as controls.
RNA sequencing (RNA-seq) of 3T3-L1 cells. Total RNA was extracted from 3T3-L1 mature adipocytes using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. RNA-seq libraries were prepared according to the TruSeq TM RNA Sample Preparation kit from Illumina. Briefly, 5 µg total RNA was isolated according to the polyA mRNA selection method by oligo(dT) beads and then fragmented. Double-stranded cDNA was synthesized using a SuperScript Double-stranded cDNA Synthesis kit (Invitrogen; Thermo Fisher Scientific, Inc.) with random primers (Illumina). Libraries were size selected for cDNA target fragments of 200-300 bp on 2% Low Range Ultra Agarose, and the cDNA library was amplified using Phusion DNA polymerase (NEB) for 15 PCR cycles. Quantified by TBS380, amplified cDNA fragments were sequenced with the Illumina HiSeq X10 platform (2x150 bp read length). The expression level of each gene was calculated using the fragments per kilobase of transcript per million (FPKM) base pairs sequenced method (24) . In order to identify the differentially expressed genes (DEGs) between 2 groups (3 biological replicates per group), Cuffdiff was used (25) . Genes with a fold change ≥2 and a false discovery rate (FDR) <0.05 were identified as significant DEGs. In order to comprehend the functions of these DEGs, Gene Ontology (GO) functional enrichment and the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were performed using Goatools and KOBAS, respectively (26) . Heat-map representations of the expression of selected genes expression were generated using the 'pheatmap' R package.
Oil Red O staining. Following three washes with PBS, 3T3-L1 adipocytes were fixed with 3.7% formaldehyde for 20 min. Stock Oil Red O solution (0.5% in isopropanol) was diluted with distilled water (3:2). Fixed cells were subsequently stained with Oil Red O solution at room temperature for 1 h (27) . The cells were then washed with water and visualized by light microscopy.
Reverse transcriptase-quantitative PCR (RT-qPCR).
Following total RNA extraction, PrimeScript RT Master Mix (Takara Bio) was used for first-strand cDNA synthesis with random primers. The expression of the considered genes was determined via RT-qPCR, which was carried out with SYBR-Green PCR Master Mixture reagent (Applied Biosystems; Thermo Fisher Scientific, Inc.) using an ABI 7500 Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). Thermocycling conditions were as follows: 10 min denaturation at 95˚C, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. Relative RNA quantity was calculated using the 2 -ΔΔCq method with 18S rRNA as an endogenous control (28) . All reactions were performed in triplicate. The primer sequences used in the present study are listed in Table II .
Western blot analysis. Total lysates were extracted using lysis buffer containing 50 mM Tris-HCl (pH 6.8), 2% SDS, protease inhibitor mixture (all from Roche Diagnostics), 100 mmol/l NaF, and 1 mmol/l PMSF. The protein concentration was determined by the bicinchoninic acid assay. Equal amounts (20 µg) of protein were separated via 12% SDS-PAGE, transferred to polyvinylidene fluoride membranes (EMD Millipore), blocked with 5% skim milk at room temperature for 1 h and immunoblotted with the indicated primary antibodies (1:1,000) at 4˚C overnight. Rabbit anti-PPAR-γ pAb (cat. no. 16643-1-AP), rabbit anti-FABP4 pAb (cat. no. 12802-1-AP), rabbit anti-HSL pAb (LIPE; cat. no. 17333-1-AP), rabbit anti-FASN pAb (cat. no. 10624-2-AP) and rabbit anti-α-tubulin pAb (cat. no. 11224-1-AP) were purchased from ProteinTech Group, Inc. Rabbit anti-phospho-Akt monoclonal antibody (mAb; cat. no. 4060) and rabbit anti-Akt mAb (cat. no. 4691) were purchased from Cell Signaling Technology, Inc. The following day, membranes were incubated with horseradish peroxidase-conjugated anti-rabbit IgG antibodies (1:5,000; cat. no. SA00001-2; ProteinTech Group, Inc.) at 37˚C for 1 h. Blots were then visualized with enhanced chemiluminescence detection kit (Thermo Fisher Scientific, Inc.) using the ImageQuant LAS 4000 System (GE Healthcare). Semi-quantification analysis was conducted by Quantity One software, version 4.6 (Bio-Rad Laboratories).
Transwell cell migration assay. PC cells (Panc-1 and Mia
PaCa2) alone and cocultured with mature adipocytes were assessed for their ability to migrate through an 8 µm pore membrane (24-well insert; Corning). After 5 days of coculture with adipocytes, tumor cells were trypsinized and seeded (5x10 4 ) into the upper chamber in serum-free DMEM. The lower chamber was filled with medium containing 10% FBS. After incubation for 36 h, cells on the bottom of the insert were TTTGTGGATCCGGCAGTTAAG  FABP4  TTCGATGAAATCACCGCAGA  GGTCGACTTTCCATCCCACTT  HSL  GGCTTACTGGGCACAGATACCT  CTGAAGGCTCTGAGTTGCTCAA  ATGL  CTGAGAATCACCATTCCCACATC  CACAGCATGTAAGGGGGAGA  FASN  AGAGATCCCGAGACGCTTCT  GCTTGGTCCTTTGAAGTCGAAGA  CIDEA  GCCTGCAGGAACTTATCAGC  AGAACTCCTCTGTGTCCACCA  Glut4  ACACTGGTCCTAGCTGTATTC  CCAGCCACGTTGCATTGTA  IRS1  CCAGCCTGGCTATTTAGCTG  CCCAACTCAACTCCACCACT  APN  TGGAATGACAGGAGCTGAAGG  TATAAGCGGCTTCTCCAGGCT  RESISTIN  TCGTGGGACATTCGTGAAGA  GGGCTGCTGTCCAGTCTATCC  LEPTIN GGGCTTCACCCCATTCTGA TGGCTATCTGCAGCACATTTTG 
Results
Pancreatic cancer cells stimulate delipidation in mature adipocytes. A series of studies have demonstrated crosstalk between cancer cells and adipocytes, but these have largely focused on the postive effect of adiopocytes on tumor progression (29) . In order to determine the direct impact of PC cells on mature adipocytes, the presence of adipocytes in human pancreatic tumors was first investigated. To address this issue, immunohistochemical staining of FABP4 (highly expressed in mature adipocytes) was performed in tumor samples. The presence of FABP4-stained adipocytes at the invasive front of pancreatic tumors was observed ( Fig. 1A ). Furthermore, tumor-neighboring adipocytes were smaller in size compared with those normal adipocytes further away (Fig. 1B) . In order to assess the morphological changes of PC-related adipocytes, an adipocyte-PC cell indirect coculture system was established ( Fig. 1C, left panel) . First, 3T3-L1 cells were induced to differentiate into mature adipocytes, and human PC cells were then cultured on top (Fig. 1C, right panel) . As indicated by Oil Red O staining, following coculture with Panc-1 for 5 days, mature adipocytes exhibited a decrease in lipid content (Fig. 1D ) with a marked decrease in the size of lipid droplets (Fig. 1E ) compared with those cultured alone, which is consistent with the clinical features of small adipocytes adjacent to the tumor tissues.
Altered gene expression profiling is identified in pancreatic cancer-associated adipocytes. Given the great phenotypic changes of cancer-associated adipocytes in other types of tumor, such as breast and prostate cancer (13, 16) , we reasoned that PC-associated adipocytes may change their gene expression patterns. RNA-sequencing was performed on 3T3-L1 cells cultured with or without PC cells, and identified 1,081 genes that were differentially expressed in cancer-associated adipocytes, including 541 upregulated and 540 downregulated genes ( Fig. 2A ). Next, all DEGs were characterized through GO term mapping according to their major GO categories [i.e., the GO terms 'biological processes' (BP), 'cellular components' (CC), and 'molecular functions' (MF)] (Fig. 2B) . The top BP GO annotation was 'positive regulation of cell migration/motility/cellular component movement'. Within the CC of ontology, the most abundant term was 'proteinaceous extracellular matrix'. Furthermore, 'receptor regulator activity' was primarily enriched in the MF group. DEGs were also mapped to the KEGG pathway database (Fig. 2C ). Numerous metabolic pathways, such as 'insulin resistance', 'glucagon signaling pathway' and 'cholesterol metabolism', were enriched, indicating that diverse metabolic changes were occurring in the cancer-associated adipocytes. It was also revealed that 'cytokine-cytokine receptor interaction' was the most significantly enriched KEGG pathway.
Pancreatic cancer induces dysregulated metabolism in adipocytes. The aforementioned data revealed that upon coculture with PC cells, a marked decrease in lipid accumulation and a profound impact on gene expression networks associated with metabolism were exhibited in adipocytes. Furthermore, a broad spectrum of genes involved in fatty acid and triglyceride synthesis for lipogenesis, and their upstream regulators, as well as triglyceride storage and degradation, were significantly decreased (Fig. 3A) , revealing the dysregulated lipid homeostasis in cocultured adipocytes. RT-qPCR analysis of adipocytes cocultured with Panc-1 (Fig. 3B) or with another PC cell line Mia PaCa2 (Fig. 3C) was performed, which confirmed the substantial inhibition of lipid metabolism-associated genes, including FABP4, HSL, ATGL, CIDEA and FASN, and of two key adipogenic upstream factors, PPAR-γ and C/EBPα. In line with the RT-qPCR data, immunoblotting analysis also confirmed decreased levels of FABP4, HSL, FASN and PPAR-γ in cocultured adipocytes (Fig. 4A and B) .
The present study also investigated the effect of coculture on adipocyte glucose metabolism and revealed that there was a marked decrease in the insulin-induced phosphorylation of Akt (Fig. 4C) , as well as the transcriptional expression of Glut4 and IRS1 (Fig. 4D) .
Pancreatic cancer-associated adipocytes undergo dedifferentiation. Adipocytes are commonly regarded as terminally differentiated cells, but increasing evidence suggests they may have greater plasticity under certain circumstances (12, 30) .
In the present study, the 'fat cell differentiation' pathway was highly enriched in cocultured adipocytes. A total of 25 DEGs were involved in this process (Table III) among which several mature adipocyte markers, such as leptin and resistin, were significantly downregulated. It was also observed that, following coculture with pancreatic cancer cells for 5 days, numerous adipocytes exhibited a stretched, fibroblastic shape (Fig. 5A ). Further analysis using the GO BP demonstrated that the mesenchymal cell differentiation process was activated in cocultured adipocytes (Fig. 5B ). There was also a marked increase in the expression of mesenchymal state-associated genes (31, 32) , indicating a shift towards more mesenchymal phenotypes in these cocultured adipocytes (Fig. 5C ). The RT-qPCR results demonstrated that adipocytes cocultured with Panc-1 exhibited a loss in expression of mature adipocyte markers, including adiponectin (APN), leptin and resistin, and a gain in expression of fibroblast markers, including α-SMA, FSP-1, MMP-9, PAI-1 and MMP-11 (Fig. 5D ). Similar results were obtained by coculturing adipocytes with Mia PaCa2 (Fig. 5E ).
Cancer-associated adipocytes increase PC cell aggressiveness. Previous research has demonstrated that adipocytes activated by tumor cells exerted an active role in tumor progression and TME remodeling (33) . In the present study, bioinformatics analysis of the whole transcriptome of adipocytes revealed several enriched pathways associated with the remodeling of the pancreatic cancer stroma (Table IV) , including the cytokine-mediated signaling pathway, angiogenesis and extracellular matrix organization. In order to directly assess the role of cancer-associated adipocytes in PC progression, the present study performed Transwell assays to assess the ability of the PC cells to traverse the membrane. PC cells were cocultured with or without adipocytes for 5 days, and it was revealed that both adipocyte-exposed Panc-1 and Mia PaCa2 tumor cells had a significantly increased ability to fully migrate through a Transwell membrane (Fig. 6 ). Overall, these results indicated that adipocytes can increase PC cell aggressiveness. 
Discussion
Research focusing on the occult PC stroma has resulted in an increased level of knowledge and understanding; however, the current understanding of cancer-associated adipocytes remains unclear compared with that of other cell types, forming the impetus for the research presented. It was consistently observed that adipocytes adjacent to human pancreatic tumors had smaller lipid droplet sizes. In the in vitro coculture system of the present study, adipocytes demonstrated a status of delipidation and impaired lipid homeostasis, indicating that PC cells are able to blunt energy-consuming activities, including adipogenesis in cocultured adipocytes. The impact of the tumor shutting down adipocyte metabolism should serve to save nutrients (such as glucose) that would be accessible for the tumor. Regarding the mechanisms whereby PC cells decreased energy utilization in adipocytes, it was observed that dysregulated lipid metabolism was accompanied by insulin resistance, demonstrated by a decrease in insulin-stimulated phosphorylation of Akt, as well as decreased Glut4 and IRS1 mRNA expression in cocultured adipocytes. Previous studies have revealed that Glut4-mediated adipose tissue glucose influx could activate de novo lipogenesis, and the latter favored enhanced systemic insulin sensitivity (34, 35) . This is of clinical relevance since it has been recognized that PC is a powerful diabetogenic state and new-onset diabetes in patients with PC is likely to be induced by the secreted products of cancer cells (36) . The metabolic reprogramming of adipocytes orchestrated by cancer cells would help PC deal with the high energy demand during tumor progression through the control of non-cancer cell insulin sensitivity. Furthermore, it is well recognized that adipocyte-derived lipids are potent energy sources that fulfill the energetic needs of tumor cells (15, 37, 38) . In this regard, the phenomenon of delipidation could also result from the abundant release of free fatty acids in cocultured adipocytes. In fact, the increased accumulation of lipid in PC cells during coculturing with adipocytes was observed in the present study (data not shown). Collectively, these results indicated that multiple modes of metabolic crosstalk occur between stromal adipocytes and PC cells.
Another key concern arising from the present study is the process of dedifferentiation in adipocytes induced by PC cells. A number of studies have suggested that adipocytes retain their capacity to return to a precursor state. Cell lineage tracing studies in mouse models have revealed that adipocytes could undergo reprogramming into fibroblasts within fibrotic dermis (39), or into preadipocytes during lactation (40) . In agreement with previously reported results demonstrating such adipocyte plasticity during adipocyte-cancer crosstalk (13, (41) (42) (43) , the present study revealed that cocultured adipocytes underwent dedifferentiation, forming the mesenchymal cell type and giving rise to fibroblast-like cells. It will be of great interest to determine the underlying mechanisms of this process. In this regard, the factors secreted by tumor cells are likely to be the key regulators. Both Wnt3a released by breast cancer cells (13) and Wnt5a secreted from melanoma cells (42) have been reported as triggering factors of adipocyte dedifferentiation in the tumor microenvironment. In addition, the aforementioned role of adipocyte metabolic alteration on the dedifferentiation process cannot be excluded. It is not currently known whether metabolic changes have a critical impact on the adipocyte differentiation and vice versa, therefore further research is required.
Notably, for the adipocytes exposed to PC cells, in addition to the impairment of metabolism and concomitant dedifferentiation process, it is of great interest to determine whether they have acquired pluripotency, and can reprogram their genomes to form new subsets. The data from the present study demonstrated that adipocytes cocultured with cancer cells maintain a mesenchymal state, which may facilitate the entrance into a stem-cell state (44) . In addition, bioinformatics analysis of the transcriptome of adipocytes revealed, following coculture, a marked change in gene expression networks associated with the modulation of matrix remodeling. These adipocytes could obtain new competencies that contribute to the remodeling of the tumor stroma. In breast cancer, cancer-associated adipocytes revert to a fibroblastic cell population and take part in the desmoplastic reaction (13) . PC is a highly desmoplastic malignancy characterized by excessive deposition of the extracellular matrix (ECM) (45) . Obesity is positively correlated with increased ECM deposition in pancreatic TME, and adipocytes in the fatty PC stroma can activate pancreatic stellate cells, indirectly leading to excessive desmoplasia (19) . Collectively, these Table IV . Summary of enriched pathways potentially related to the remodeling of the pancreatic tumor microenvironment in cocultured adipocytes.
Category
Gene count Genes P-value Cytokine-mediated signaling pathway 28 ACKR3/GPR35/GREM2/IRAK3/CCL11/CCL8/CCL9/CCL6/ 2.65 e-6 SPHK1SOCS3/LRTM1/OSMR/PRLR/IL2RB/PDGFB/ LRRC15/TREM2/RTN4RL2/ECM1/CXCL9/CXCL10/ CXCL13/EPO/LEP/IRF7/ACSL1/CX3CL1/CASP4 Angiogenesis 37 NRP2/FN1/IHH/ACKR3/CHIL1/ITGB2/ADORA2B/CCL11/ 7.28 e-8 SPHK1/AHR/PRL2C2/PLAU/KLF5/RUNX1/DLL1/FGF1/ ENG/GREM1/ANGPT4/ECM1/CYR61/KLF4/NOS3/CXCL10/ ANXA3/HSPB1/SERPINE1/EPO/LEP/AQP1/ADM/HMOX1/ CX3CL1/FOXC2/THY1/CAMP/TGFBR2 Extracellular matrix organization 27 FN1/IHH/LAMC2/MMP11/ECM2/ERO1L/EGFLAM/FBLN1/ 4.73 e-10 MYH11 PHLDB2/HAS1/LOX/ADAMTSL2/ENG/OLFML2A/ WT1/GREM1/FERMT1/NPNT/CYR61/EMILIN1/ELN/ FSCN1/BCL3/APLP1/FOXC2/MMP13 results highlight the role of cancer-associated adipocytes in the PC desmoplastic stroma. The present study also characterized the cytokine-mediated signaling and the positive regulation of angiogenesis in PC-induced adipocytes. The inappropriate release of proinflammatory factors by adipose tissue has been extensively recognized as the primary cause of obesity-associated disorders, including cancer (46, 47) . In adipose tissue, the presence of pancreatic tumor cells may result in a marked increased inflammatory response. In addition, adipose tissue is one of the most vascularized tissues in the body with the highest capacity for angiogenesis (48), and highly vascularized adipose tissue may provide a predetermined environment to foster tumors. Thus, it is reasonable to speculate that upon interplay with adipose tissue, tumors may mobilize the angiogenetic process of adipocytes for their own sake.
In summary, the present study revealed the distinct phenotypes of pancreatic cancer-associated adipocytes. The model utilized, as presented in Fig. 7 , proposes systemic crosstalk between PC and adipocytes, providing critical insights towards the understanding of the contribution of adipocytes to the formation of a unique pancreatic tumor stroma, which ultimately leads to increased tumor malignancy. Figure 6 . Coculture of pancreatic cancer cells with adipocytes increases their aggressiveness. Migration of Panc-1 and Mia PaCa2 cancer cells grown alone or cocultured with adipocytes. Representative images (left) and quantification (right) of three independent experiments are presented. Data are presented as the mean ± standard deviation. *** P<0.001. Figure 7 . Schematic representation of the crosstalk between pancreatic cancer cells and mature adipocytes. Cancer cells promote delipidation and dedifferentiation in adipocytes, and then newly generated cancer-associated adipocytes could facilitate the tumor invasive capacities and stromal remodeling.
